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INTRODUCTJON 
Genera l  
The United State� gov��nment h a s  taken a_ g i ant step 
towards e l iminating pol lution of waterways wi th enactment of 
Public Law 9 2 -5 0 0  ( 1 ) .  Pub1ic Law 9 2 -5 0 0  wa s · enacted in 
1 9 7 2  and provid es  a means for muni cipal iti e s  to receive 7 5  
percent f und ing o f  waste water construction programs as well 
as e stab l i shing an enforcement program (1 ) . The re spon s i ­
b i l ity f o r  e stab l ishing the water qual ity standards , enforc ­
ing the s tandards and controll ing the d i scharge s l i e s  with 
each state (1 ) . 
State and Federal monies granted for con str uction o f  
mun ic ipal wa ste water treatment f ac i l ities  are dispersed 
thro�gh a three-part program . The planning s tage i s  com­
monly  c a l l ed a fac i l ities  plan , a 2 0 1  S tudy or a Step I .  
Background information i s  obtained and ana lyzed , and pro j ec ­
tions o f  future  population and f ac i l ity requirements are 
made (1) . A co st-ef fective analy s i s and an environmental 
a s sessment for each treatment alternative i s  made and the 
mo st economic al ly and environmental ly s ound alternative i s  
proposed (1). Step I I  and Step I II are the de s ign and 
con struction phases , re spectively ( 1 ) . 
The Federal Water Pollution Contro l Act Amendments of 
1 9 7 2  (Pub l ic  Law 9 2 - 5 0 0 }  require� that at l e a st one waste 
water treatment a l ternative in the Step I be a land applica­
tion a lternative ( 2 ) . There are three general  land app l i ca­
tion methods of treatment (3) .  One me thod is inf i ltration­
percolation . Large volume s of  wate r are appl ied on porous 
s oi l . The water perco lates through the soi l  . . Thi s  perco­
lated water may be intercepted and di s charged to a s tre am or 
a l lowed to recharge the groundwater tab l e . Pre-tre atment i s  
r equired to p revent groundwater contamination ( 3) .  
The second land applic ation method i s  over land f low 
( 3) .  The waste water i s  sprayed on the upper s lope s of 
g ra s s ed s lope s and a l lowed to f low over the l and through the 
vegetative l i tter . Thi s  method i s  us ed pr imar i ly where the 
s o i l  has  a high c lay content and the water tabl e  i s  very 
n ear the surface of the ground . The overland f low is col ­
l ected and reused in  some other manner because it cannot be 
d i s charged to a s tream (3) . 
I r r igation i s  the third general  method o f  land app l i ­
c ation (3). Irrigation i s  the matched app li c ation of  water 
to the p lant requirements . The intens ity and year ly amount 
o f  app lied was te water is contro lled to prevent runo ff  and 
g roundwater contamination ( 3) .  
Storage faci lities are generally requi red wi th irriga­
tion so that the was te water i s  not di scharged to a stream 
when land app l i cation cannot be conduc ted . Frozen soi l , 
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norma l precipi tation and ti llage are some o f  the reasons 
s torage fac i l i ties  are provided . 
Objectives 
There are approximately 1 8 4  lagoon s y s tems in South 
Dako ta used for treatment of munic i pal  was te .water (4 ) . The 
water qual i ty o f  the se lagoon sys tems was no t avai lable due 
to the lack of  s amp l ings . An inves tigati on was ini tiated by 
David Odens to determine the suitab i l i ty o f  s ome of the se 
lagoon systems for irrigation . The ob j ec tives o f  Odens' 
inve s tigation were a s  fol lows: 
"l . To eva luate the sui tabi l i ty of  lagoon e f f luents 
for irrigation on the bas i s  of  probab le  water 
qua l i ty ,  
2 .  To c la s s i fy the se waters wi th re s pe c t  to their 
s ui tabi l i ty for irrigation , and 
3. To e s timate the quanti ty of  lagoon e f fluent ava i l­
able for irrigation in South Dakota ( 5 ) . "  
Background information was needed to provide some 
direction to Odens ' inve s tigation . The large number of 
l agoon sys tems in South·Dakota made it imposs ible to samp le 
a l l  these lagoons wi th the avai lable funds provided for the 
proj e c t  by the Department of the Interior . 
To provide Odens wi th background information and 
guidance i n  samp li�g the lagoon sys tems , the ob j ectives  of  
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thi s  the s is were deve loped . The ob j ective s o f  thi s  the s i s  
were as  f o llows : 
1. Determine water quality with respect to irrigation 
of water supp lies  of municipa litie s  uti lizing 
l agoon systems , 
· ·-
2 .  Determine water qua lity with r e s pect to irrigation 
of lagoon system eff luents from ava i l able data , 
and 
3 .  S e lect thi rty ( 3 0) or more exi s ting lagoon systems 
to be s amp led during the irrigation season to 
determine the probable water quality with res pect 
to irrigation . 
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LAGOON SYSTEMS IN SOUTH DAKOTA 
Backg·round 
South Dakota contains over 200 lagoon s y stems. Of 
the se  l agoon systems , 184 provide treatment of munic ipal 
wa ste water ( 4 ) . Truck stops ,  roadside re st �reas , trai ler 
court s , c anner ie s as wel l  as communi t i e s  throughout South 
Dakota u s e  l agoon systems for treatment of was tewater . More 
detai l ed information concerning mun icipa l l agoon systems 
wil l  be presented later . 
A l agoon system may be def ined a s  a multi or s ingle 
c e ll ed diked structure used for treatmen t  and/or s torage o f  
waste water (6), {7 ). The purpose  of  a lagoon sys tem i s  to 
provide treatment of the waste water prior to di sc harging to 
the rece ivi�g stream .  The number of ce l l s , operating 
depths , wate� sur face areas and load ing rat e s  and type of 
waste water a l l  inf luence the quality of e f f luent (6), (7), 
(8)·. Temperature of the waste water a l so inf luenc es the 
ac t ivity o f  b iological activity within the lagoon sys tem 
(6), (9). 
Ge·neral Type s Of  Lagoons 
Anaerobic and aerobic lagoons are the two general types  
of l agoons .  An anaerobic  lagoon i s  character i z ed by a high 
organic  loading (7), (8). Thi s high oFgani c  loading exer t s  
an oxygen demand_ greater than that capab le o f  be ing sat i s­
f i ed by sur face aeration · or by aerobic b io logical  prdduc t ion . 
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With the a.bs ence of  d i s s o lved oxygen in the waste , anaerobic  
bacteria predominate . The se bacteria convert the organic 
wa ste to methane g -as and carbon· dioxide { 6) . An anaerobic 
l�goon is characteri z ed by a pungent odor re sult ing from the 
hydr�gen sulfide produced ( 6 .}. 
Anae robic l�gooris are used wh�re a high stre�gth waste 
s everal t ime s strong er than normal dome sti c  waste  must be 
treated . The two ma in advantages of  anaerobic l agoons are 
lower nutrient requi rements ( 6 )  and les s  l and area  require­
ments than aerobic l agoons due to higher load ing rate s . The 
anaerobic lagoon i s  fol lowed by an aerob ic lagoon to al low 
the �aste  stream to becom� aerobic (8). 
Heat con�ervation i s  also desirable with anaerobic 
treatment. Biolog ical  ac tivity doubles approximate ly for 
each 10° Cel s ius  r i s e  in temperature (6 ), (7), (9). Main­
taining temperatures  in anaerobic l agoon s may be accom­
pli shed by insulating to reduce heat transmi s s ion to the 
surroundi�g s . 
Aerobic lagoons have many di f ferent name s depending on 
the depth , surfac e  ·area and loading rate . There are aerated 
l�goons , facultative , oxidation or stabi l i z ation lagoons , 
pol i shing , tertiary or ma turat ion l agoons , and evaporation 
l�goons ( 6} , ( 7) , ( 8 )  . 
�era,ted l�goon s rely on mechanic a l  means for main­
tRin i�g a d i s solved oxygen level rather than natural surface 
aeration and a l gae ( 6 ) . An aerated l agoon i s  the heavi es t 
organica l l y  loaded aerob i c  lagoon ( 6 ) . 
Mixing i s  also  provided with mechani c a l  aeration for 
r apid d i spers ion of  the inf luent s tream . Rapid di spersion 
of incoming was tes prevents anaerobic cond i tions from exi s t­
ing near the inf luent end o f  the lagoon ( 6 ) . 
Facul tative , oxidation or s tab i l i z a t i on lagoons are 
l agoons from f ive to seven feet deep . An anaerob i c  layer 
and an aerobic  layer co-exi s ts in the lagoon ( 6 ) ,  (8). The 
s o l ids whi ch s ettle undergo anaerobic de compos i tion . The 
g a s e s  that are given off  pas s through the aerobi c  layer 
where a lgae and aerobic bacteria exi s t . The aerob i c  bac­
teria oxid i ze  the organ i c s  and produc e  carbon d ioxide ( 6 ) . 
The c arbon diox ide is  reduced by the a l gae and converted to 
oxygen  whi ch i s  in turn used by the b ac te r i a  to oxidi ze the 
organ i c s  (9) . 
Becau s e  a lgae are dependent on s unl ight penetration and 
temperature , anaerobi c cond i tions may prevai l  f or a short 
per iod during the night and when s now covers  the ice (10). 
When anaerob ic conditions exis t ,  obnoxious odors  may a l s o  
prevai l  (8). 
P o l i s hing , tertiary or maturation l agoons are s ha l low 
lagoons from two to f ive feet in depth used  to provide 
addi tional tre a tment (8). A po l i shing l agoon may fo l low a 
mechani c a l  p l ant or a facultative lagoon (8). 
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Evaporation lagoons are used in  areas where evaporation 
exceeds pre c i p i tation plus the was te water f l ow minu s seep­
age (6). The s e  lagoons are s i zed not on volume or depth but 
rather on sur face area to al low for maximum evaporation (6). 
Lagoon Systems In South Dakota 
A list of  munic ipal i ties  that uti l i z e  lagoon sys tems 
f or was te water treatment was obtained from the South Dakota 
·Department  o f  Environmental Protection (4 ) . The l i s t  of 
municipal lagoon sys tems in South Dakota may be seen in 
Append ix A .  
The l is t ,  mentioned above , provide s s ome general infor­
mation as to the geographic location, the 1970 U . S .  census 
for eac h  r e s pec tive munic ipal i ty , the number of ce l l s  in the 
lagoon sys tem, the water surface area , and the type of 
lagoon or lagoons . Occas ional ly the mode of  operation and 
the type of was te water treated are al so  de s cr ibed . 
The location of  the munic ipal i ty which  operates the 
l agoon sys tem provides a geographical location for each 
lagoon s y s tem in South Dakota . The geographi c  ·location o f  
the lagoon sys tems may b e  s een i n  Figure 1 a s  we l l  as the 
p opulation range of each re spe c tive muni c i pal i ty . Figure 1 
i l lu s trate s that there i s  no relationship  be tween popu lation 
range and ge ographic location . 
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P opulation provide s a pre l iminary e s t imate of the 
quanti ty o f  water which may be avai lab le for irrigation . 
Th i s  quantity however does  not provide an accurate e s timate 
o f  f low due to indu s trie s , inf i l trat i on and inf low which al l 
add to the total was te water f low .  
The mun ic ipali ties  were grouped i nto f our population 
ranges .  The breakdown by popu lation range s  o f  the munic i -
paliti e s  i s  shown in  Tab le 1 and graphical ly in  Figure 1 .  
Over 5 0% o f  the muni cipal i ties u s i ng lagoon systems have a 
1 9 7 0  Census  population l e s s  than or equal to 5 0 0 per sons . 
The smal le s t  group are those mun i c ipali t i e s  wi th a 1 9 7 0 
Census popul ation greater than 2 , 50 0  persons . The reas on 
for thi s  re lationship is beyond the obj ec ti ve s  of th is  
study , however the population ranges w i l l  be  u s ed later to 
reduce the water quali ty data . 
Popu lation 
Range 
Total 
Over 2 5 0 0  
1 0 01- 2 5 0 0 
5 0 1-1 0 0 0  
0 - 5 0 0  
TABLE 1 
D i s tribution of  Lagoon Systems i n  
South Dakota by Community S i ze 
Total in Percentage 
Popu lation Range Total 
1 8 4  1 0 0% 
1 2 6 . 5% 
2 8  1 5 . 2% 
4 7  2 5 . 6% 
9 7 5 2 . 7% 
o f  
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The number of ce l l s , water sur face area , mode o f  opera­
tion and type o f  lagoon system al l provide s ome indication 
as to the amount of avai lable s torage that is pre sent at the 
exi s ting lagoon system .  Seasonal irrigation o f  was te water 
require s that there be suffic ient s torage capac i ty between 
irrigati ons . Add i tional ce l l s  may be added to the exi sting 
lagoon system to provide needed s torage . 
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WATER QUAL ITY PARAMETERS FOR I RRIGATI ON 
General 
A parameter as def ined by Webste r  is "one  of a set  of 
phys ical proper ti e s  who se value s  determine the characteri s­
tics o r  behavior o f  a sys tem" (11) . The " sy s tem" in que s­
tion i s  the water quali ty o f  waters from lagoon sys tems used 
for the purpo se o f  irr igation . Some o f  the mos t  widely us ed 
paramet e r s  for character i z ing an irrigat ion wat er are total 
d i s s o lved s o l i d s , e lectrical conduc tivi ty , sus pended solids , 
the s od ium adsorption ratio , ch loride , boron , n itrogen forms 
and res i dual s odium carbonate (2) , (3) , (12) , (13) , (14) . A 
bri e f  d i scus s ion of  the above mentioned parame ter s  fol lows. 
Water Quali ty Parame ters 
Total d i s s o lved solids , TDS , i s  the amount o f  matter 
which i s  in the d i s s o lved s tate (15) . A de te rmination of 
the TDS is made by fi l tering a s amp le , evaporating that 
portion that pas ses  through the f i l ter and drying the f i l­
trate at a temperature of 103 to 105 degrees  C e l s ius . 
That por t ion that remains on the fi l ter i s  called the 
s us pended s o l i d s , SS, (15) . Due to low quanti tie s  of SS in 
pub l i c  drinking waters , a total solids , TS , analys i s  i s  
per formed ins tead of  the TDS (15) . Total s o l i d s  i s  the 
matter remain ing after evaporating and drying a samp le 
wi thout f i l tering ( 15). Due to the l ow quanti ties  of SS in 
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public  wa,ter suppl ie s , · .the ·Ts for a publ ic water supply were 
compared to the TDS of · a waste water samp l e . Through the 
r emainder of thi s  study , ·  TS for· public wate� suppl i e s  w i l l  
be referred t o  as TDS�  
Th.e TDS �na.lys i s  of · i�·r�gation w�ters ;Ls. impo;rtant 
bedause it is a me�sure �f· the amourit of di ssol�ed solids 
being app l ied to the �oot syste� (12) . If the concentration 
of di s so lved sol ids in the soil  solution become s too concen­
trated , the o smotic pressure wi l l  increase and re str ict the 
flow of  water to the plant (12 ) . The o smo t i c  pres sure 
determin e s  how rapidly a root system c an obtain the avai l ­
abl e  �oi stur e  for . growth (1 2 ) . 
The suspended sol ids analys i s  i s  important from the 
standpoi n t  of c logged sprinkler nozzle s , s o i l  pore s , and 
coated l and surfac e s  (2), ( 1 4 ) . Repeated p lugging of  noz­
zle s  i s  a maintenance problem and increa s e s  maintenance and 
pumpi�g cost s . The sol ids also  migrate into the soil  f i l ­
l i�g the pore s  where water i s  stored res u l t ing i n  a l o s s  of  
available mo i s ture (2). A heavy layer c an al so reduce the 
downward f low of wat�r into the root zone  c au s in g  ponding 
and exc e s s ive runo f f  (2). Odors may al s o  become a problem 
i f  the S S  contain a large quantity of  putre s c ible  matter .  A 
health problem may al so be created if in s e c t s  and rodent s 
;migrate to the s e  areas wher e S S  particul ar ly high in organic 
matter are al lowed to bui l d  up on the land . . 
327595 
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Ele ctrical conduc t ivity ,  EC , i s  a measure o f  the cur-
rent carrying abi l ity of  a so lution ( 1 5 )  ft The measurement 
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is d ependent on both the concentrations . and type s of ions in 
solution ( 1 5 )  . A conduct ivity cel l  and a Wheat s tone br i�ge 
c ircuit  are used to measure conductivity . The Wheat stone 
bridge c ircuit is ad j us ted unt i l  no current i s  f lowing 
th�ough the circuit . The resistance or the inver s e  of 
conduc tivi ty i s  read d irectly and mul tip l i ed by a c e l l  
constant (1 5 )  ft Because TDS and EC are dependent on the 
di s solved matter in a g iven volume , the TDS or EC can be 
approx imated when given the other measurement by us ing the 
fol lowing re lationship: 
EC in mmho/cm x 6 4 0  = TDS in  rng/ l  or ppm (2 ) ,.  
Thi s conver s ion fac tor i s  only a ro�gh e stimate and should 
be u s ed wi th caution . 
The sod ium adsorption ratio (SAR) is a c alculated value 
which_ g ive s an ind ication of  the reac t ivi ty of the sodium to 
the soil ( 12 ) . The figure is based on the mi l l iequivalents 
of s odium , calc ium and magnes ium ions in the irrigation 
water supp ly . The sodi�m adsorption ratio is calculated 
u sing the fo llowing equation . 
SAR = 
With Na , Ca and Mg expre s s ed in mil li­
equivalents per l i ter , meq/l iter (1 2 ) . 
Sod ium af fects the soi l and the irrigated crop ( 1 2 ) ,  
(1 3}.  The sodium ions undergo an exchange ·reac t ion with 
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soi l  partic l e s  (1 3 ) ,  (14 ) . . The re sulting reac t i on caus e s  a 
cementing o f  the s o i l  p article s reducing the permeab i l i ty of 
the soi l  (12) , (_15 ). ,. The type of s o i l , be it c lay, s and or 
grave l , wil l  al so determine the allowabl e  amount of sodium 
ions the s o i l  s tructure may tolerate (_12). S u f f ic i en t  
sodi um in  the i rrigation wate� a l so causes l e a f  burn , espe-
c i a l ly on fru i t  tree s (12). Sodium can a l s o  be toxic to 
plants a s  a specific ion (12). 
The res idual sodium_carbonate i s  a c a lculated m�asure 
o f  th� bi carbonate haz ard (12). As the concentration of 
bicarbonate ion s increase s ,  calc ium and magne s i um ions com-
bine with bicarbonate ion� and prec ipitate a s  c arbonates 
(J2). Th� riet r e sult i s  sodium ion s taking the place of 
cal cium and magne s ium ions in the norma l exchange reac tion 
with the s o i l  (12). Th� exchange reac tion with sodium ions 
cemerits the ·soil  partic l e s  theteby reduc ing the ava i l able  
water for p l ant uti l i z at ion . The res idual  sodium carbonate 
is calculated as follows: 
-- - ) (C ++ + M ++) RSC = .(C03 + HC03 - _ a . g 
The ionic concentrations are expr e s s ed 
in mi l l iequiva l ent per l i ter , meq/l i ter (12). 
In general,  a RSC of  1.25 i s  probably s a f e, 1.25 to 2. 5 
meq/ liter ma�g inal and. greater than 2. 5 i s  not suitable for 
irr igat ion (12 l � 
The four forms of ni trogen contained in  waste  water 
ar e , organi c , ammonium, .nitr ite and nitrate ni trogen (2), 
( 1 4 ) • 
Nitrite  n i trogeri is  rare in land appl icat ion of was te 
water because nitr ite nitrogen oxid i z e s  readily to nitrate 
ni tr�gen ( 9) • O�ganic, _ammonium and n i trate ni trogens are 
th� three  primary forms of nitrogen applied to l and {2 ) . 
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Mo s t  organic nitrogen is nitrogen that i s  molecu lar ly 
tied to the ·suspended so lids  ( 1 5 ) . When applied to land , 
th� ·soi l traps the suspended sol ids in the upper l ayer s of 
the soil . The aerobic upper layer of  the soil contains 
aerobic bacteri a  which convert s  the organic  nitrogen into 
anunonium n itrog en and then into nitrate n itrogen ( 1 6 ) . 
Ni trate nitrogen is  not he ld by the soil matrix but leac he s  
thio�gh the �oi l , eventual ly reaching the. groundwater ( 2 ) . 
Th� n itrate  form of nitrogen i s  important with respec� to 
groundwater contamination rather than i t s  e f f ec t s  on the 
soi l  or plant. growth ( 2 ) . 
Groundwater contain ing suffic ient nitrate s can cause 
infant methemoglobinemia ( 1 2 ) . Thi s d i s ea s e  re sul t s  from 
change s in the blood and cyano s i s  (1 2 ) . The mos t  widely 
u sed l imit of  nitrate nitrogen in potable  water supp l ies  i s  
1 0  �g/l (1 2 ) . •  
Con trol  of ni trates can be accompl i shed by matching the 
app l ication rate of nitra tes to
�
the uptake of the irr igated 
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crop . The uptake for some o f  the mo st preva len·t crops in 
South Dakota are , a l fa l fa 1 5 5  t6 2 2 0 lbs n i trogen per acre 
per year , corn_ 1 5 5  lbs ni trogen per acre per year , and wheat 
62 to 7 6  lbs nitrogen per acre per year ( 2 ) . 
Chloride s  can a f fect plan t_ growth i n  thr�e ways . The 
fir s t  i s  tox ic e f fedt s  on the plant ( 2 ) ,  {1 2 ) . Crop s such 
AS a l fa l fa and potatoe� which ar e grown in South Dako ta are 
more s u s c eptible to chloride than sulfa te.tox i c i ty ( 1 2 ) . 
The ·sedond e f fect is changes in osmotic  pre s sure . The 
incre a s e  in chloride ions may become s uf f i c ient to reduce 
th� �va i labl e  moi s ture the root system may obtai n . The soil  
struc ture may a l so change due to  the equ i l ibr ium change of  
chloride ions  cau s ing the  reduction in permeabi l ity and 
aeration ( 1 2 ) . Of  th� three ways that chl oride s can affect 
p l ant_ growth , the latter is  gener a l ly the most predominant 
( 1 2 )  , 
Boron can be found in mos t  water s u sed for irr igation 
in  the United S tates ( 1 2 ) . Boron i s  an e s s en t i a l  element 
for pl ant_ growth in tra ce amounts but c an be very toxic to 
p lants . The toxic e f fects of  boron accumu l ation result in  
ear ly leaf  droppage and reductions in  crop yiel d s . The 
ab sorbed boron is carried to the leave s . The boron concen­
trat ion bui ld s  up eventua lly k i l l ing the l ea f . Thi s  lea f  
dam�g e  �nly occurs jn mature · 1eave s ( 1 2) .  
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The l i st and explanat ion of parameters for determining 
the suitabi l ity of a wate� for irrigation h a s  not ended but 
only begun . There are many dif ferent ca lcul ation s and 
d i f ferent i ons used in clas s i fying irr igation wate r s , which 
we�e riot i nc luded above . 
QUALITY EVALUATION FOR I RRIGATION OF POTABLE WATER SUPPL I ES 
SERVING MUNICIPALITIES I N  SOUTH D,AKQTA WITH LAGOON SYSTEMS 
Guide l ine s And Methodo l6gy 
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The South Dakota S tate Departmen t  o f  Health pub l i s hed a 
bul letin January , 1971 enti tled '' South Dako ta Public  Wa ter 
S upply  Data " . Thi s  bul le tin provide s de ta i led information 
re lating to  munic ipal water supp l i e s  and treatment fac i l -
i t i e s  used b y  var ious munic ipal ities  i n  South Dakota as  well 
as the water qua l i ty of each source o f  potable water . 
The con s t i tuents cho sen for analys i s  and compar i son 
were selec t ed from avai lable data shown in  the ·above men-
t ioned bul l etin and avai lable data for the lagoon systems . 
The two parameter s common to both type s o f  water , potable 
water and l agoon effluent , are the sod i um ad sorption ratio 
and total d i s so lved sol ids . 
The Environmental Protection �gency's ( EPA's ) l imit s  
were used f o r  t h i s  s tudy . The EPA i s  the_ governmental 
agency which  reviews a l l  grant appl icat ion s for wa s te water 
treatment f ac i l i t ie s , and provide s 7 5  percent o f  the fund s 
for conception , de s ign and construction o f  such fac i l itie s . 
There fore , for thi s study , the general _ guidel ine s pub l ished 
by the EPA wi l l  be used (2 )  . 
The l imits  cho sen for the sodium ad sorption ratio and 
total d i s so lved so l ids are shown in Tabl e  2 ( 2 ) . The three 
categor i e s  of c l a s s i fication , No , Increas ing and Severe 
2 0  
Prob lem are not s tri ct l imi ts bu t only gui de lines to  be  us ed 
in thi s  s tudy . Soi l condi tions for each p ar ti cu l ar s i tuation 
wi l l  i n fluence the above guideli nes pos s ibly changing the 
resul ting c l as s i f ications . 
TABLE 2 
EPA Water Quali ty Guideli ne s For I r rigat i on 
Problem and 
Re lated Cons ti tuent 
Permeabi l i ty Ha zard: 
Sod ium Absorption 
Ratio 
S a l in i ty Ha z ard: 
Total D i s so lved 
Solids  
Cate·g·or ies  Of  C la s s i f i c·ation 
No 
Problem 
Les s 
Than 6 . 0  
0- 4 8 0  
ppm 
Increas ing 
Prob lem 
6 . 0-9 . 0  
4 8 1-19 20 
ppm 
S evere 
Prob lem 
Greater 
Than 9.0 
1 9 21-3 3 6 0  
ppm 
The No Problem c l a s s i f i cation ind i cates tha t  th i s  water 
i f  appl i ed s hould have no adverse e f fects  on the soi l or 
p lant l i f e . I f  an Increa s ing Problem c las s i f ie d  water i s  
app lied t o  the soil , prob lems may ari se . Prope r  management 
o f  the irrigation sys tem, crop rotation and s oi l  prepara­
tions may o f f s e t  the problems which might ar i s e  from irr i ­
gating wi th an Increasing Problem c l a s s i fi ed water . 
The S evere Problem c la s s i fi ed water should not be 
app l i ed to c rop land . If the soi l condi tions  are sandy and 
perme ab i l i ty i s  exc e l lent, then i t  may be sui tab le to irri-
g a te but care fu l moni toring and management are requi red to 
prevent d e s truc tion of  crop· land . Reduced crop yields  may 
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be expec ted wi th Severe Problem c las s i f i ed water . Soil  
addi t ive s such as  gypsum may be  required to o f f s et the detr i ­
mental e f fects  o f  irr igat ion with a S evere or Increas ing 
Prob l em c las s i f ied water (17) .  
The methodology of  e s t imating the potab l e  water qual ity 
data for each municipal ity util i z ing a lagoon sy stem is 
descr ibed be low . The ·water qua l i ty data were obtained from 
"South Dakota Public  Wat�r Supply Data'' (1 8 ) . Mul t iple  
wel l s  provide potable water for many o f  the  mun i c ipal i ties  
in South Dakota . Each we ll  for a par t i cular mun icipal ity 
may have an ent irely dif ferent water qual i ty, making the 
aver�ging of a particular water parame ter for al l the wel l s  
Jmprac t i cal . In cases  of  multiple wel l s , the we l l  with the 
be s t  water qual ity was cons idered the primary po table water 
$Upply . One hundred gal lons per cap i ta per day was as sumed 
to determine the minimum average we l l  capac i ty needed . I f  
the s e lec ted wel l  d id not have suf f i c i ent capac i ty , the next 
we l l  with the second bes t water quality was al so  cho sen .  I f  
the f ir s t  and second well s could not provide the d e s ired 
capac i ty, add itional we l l s  were cho sen in the same manner . 
The average constituents of the s e l e c ted we l l s were 
then used  to calculate the sodium ad sorption rat io and 
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e s t imate the total d i s solved s o l id s . Once the SAR and TDS 
for each munic ipality were e s t imated, .each parameter wa s 
compar ed to  the EPA. gu ide l ine s and c la s s i f ied . Table  3 
contain s the c l a s s i f ications for irr igation o f  potab l e  water 
supp l i e s  for thos e  munic ipalities  with a 1970 Census popu­
lati on. greater than 1 , 0 0 0  pedple . The c l a s s i f ied potable 
wate� s uppl i e s  for those municipa l i t i e s  with a population of 
1 0 0 0  or l e s s  may be seen in Appendix  B .  A total  of  16 8 
municipa l i t i e s  had suf ficient water qual i ty data to be 
c l a s s i f ied out of 1 84 mun icipa l i ties  util i z ing lagoon 
systems . 
Three  c las s ifi cation s are shown in Table  3 and Append ix 
B, The 'f ir s t  two cla s s i f ications are for each ind ividual 
parameter-, SAR and TDS . The third c l a s s i f i cation i s  a com­
bined c l a s s i f ication of the two individual c l a s s i f ications .  
The third or comb ined water qual i ty c l as s i f ic ation i s  the 
wo r s t  c l a s s i f ication of the SAR and TD S and i s  denoted by 
underl ining the appropr iate individual c l a s s i f i cation .  
Analys i s  O f  Potab l e  Water Supp l i e s  F o r  Irr igation 
A s ummary of the c l a s s i fied potab l e  water supplies  i s  
shown i n  Table 4. The number o f  c l a s s i f i ed water supp l i e s  
that, for example , have a n  Increasing Problem permeab il ity 
haz ard r egardle s s  of population range may b e  obtained by 
add ing v ertically the th�ee total s  in the appropriate 
column . In a s imilar manner , the number o f  c la s s i fied water 
2 3  
TABLE 3 
C l a s s i f ic ation o f  Public  Water Suppl i e s  for 
Irr igat ion , for tho se Muni c i pa l i tie s in 
South Dakota that Uti l i z e  Lagoon Sys tems 
and have a Population Gre ate r  than 1 0 00 
Censu s TDS 1 
SAR2 
C l a s sification 
Location· · 1 ·970 . ( ppm) No3 Inc . � S ev . 5 
Over 2 5 0 0  population 
Aberdeen 2 6, 4 7 6  6 7 9  x 6, 7 
8 . 5  x 
Bel l e  
Fourche 4,2 3 6  3 9 2  x 
.1 x 
Brooking s 1 3, 7 1 7  7 1 5  x 
. 5 x 
C an ton 2, 6 6 5  7 1 5  x -
4 . 2  x 
Huron 1 4, 2 9 9  2 3 8  x -
1.9 x 
Madi son 6, 3 15 1, 4 6 2  x 
1 . 8  x 
Milbank 3, 7 2 7  9 5 6  x -
2. 0 x 
Sis s e ton 3, 0 9 4 1, 0 6 0  x 
.7 x 
S pe a r fish 4, 6 6 1  2 5 1  x 
.1 x 
S turgis 4, 5 3 6  2 7 9  x -
. 2 x 
Water town 1 3,38 8  3 3 2  x -
.. 4 x 
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TABLE 3 ( Cont inued )  
Census TDS C la s s i f i cation 
Location 1 9 7 0  ( ppm) SAR No I n c . S e v .  
Winne r 3 , 7 8 9  3 0 5 x 
. 9 x 
Combined Clas s i fication 6 6 0 
Total s S a l inity Clas s i fication 6 6 0 
Permeab i l ity C l as s i f i -
cation · 1 1  1 0 
1 0 0 1  to 2 5 0 0  population 
Beres ford 1 , 6 5 5  7 6 9  x -
. 3  x 
Clear Lake 1 , 1 5 7  6 78 x 
4 . 9  x 
E dg emo n t  1 , 1 7 4 1,1 4 9 x -
3 . 8 x 
E lk Point 1 , 3 7 2 1,3 4 9  x 
2 . 1  x 
E ureka 1 , 5 4 7  2 ,3 1 7 x -
2.0 x 
Fort Pierre 1 , 4 4 8  8 8 2  x 
4 . 1 x 
Freeman 1 , 3 5 7 1 , 8 8 9 x 
3. 4 x 
Ge ttysburg 1 , 9 1 5  2 ,1 3 7  x -
5 3 . 4  x 
Gre gory 1 , 7 5 6  3 00 x 
1. 7 x 
Groton 1 , 02 1 2,2 0 1 x -
1 9 . 2 x 
H i ghmore 1 , 1 7 3  4 4 3  x 
1.0 
-x 
Howard 1 , 1 7 5  2,0 33 x -
6 . 4 x 
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TABLE 3 (Continued ) 
Census TDS C l as s i fi cat ion 
Location 1 9 7 0  (ppm) SAR No Inc . Sev . 
Lemmon 1 , 9 9 7  1,5 2 8  x 
6 7.5 x -
Lennox 1 , 4 2 7  1, 8 3 7  x -
1.2 x 
Martin 1 , 2 4 8  3 1 9  x -
. 7 x 
Mi l le r  2 , 1 4 8  2 ,3 0 8  x 
7. 8 x 
Parker 1 , 0 0 5  1, 0 9 9  x -
1. 7 x 
Parks ton 1 , 6 1 1 1,6 0 0  x -
5.6 x 
P latte 1 , 3 5 1  2 ,0 8 5  x -
1 2. 8+ x 
Red f i e l d  2 , 2 4 3  2 , 1 7 7  x -
2 1. 6  x 
S alem 1 , 3 9 1  1,7 6 3 x -
4.7 x 
Spring f i e l d  1 , 5 6 6  4 7 1 x -
5.7 x 
Tynda l l  1 , 2 4 5  9 5 1  x -
. 9 x 
Wagner  1 , 6 5 5  1,7 0 2 x 
9 . 2 x 
Web s ter 2 , 2 5 2  1, 4 5 0  x -
1.9 x 
TABLE 3 ( Continued ) 
Cen s us TDS 
Loc at ion 19 7 0  ( ppm) SAR 
We s s ington 
S prings 1 , 3 0 0  9 6 0  
1 . 3  
Comb ined Clas s i fication 
Totals  S al in ity C l as s i fi c at ion 
Permeab i l ity Clas s i f  i-
cation 
1 ( TDS ) Total  Dis solved Sol ids 
2 ( SAR)  S o dium Ab sorption Ratio 
3 (No ) No P rob lem 
4 ( In c . )  Increas ing Prob lem 
5 ( S ev . ) S evere Prob lem 
C l a s s i f icat ion 
No Inc . Sev . 
x -x 
4 13 9 
4 15 7 
1 8  2 6 . 
6 (x)  I ndividua l  Clas s i ficat ion for S al in i ty 
H a z ard ( TDS ) or Perme ab i l ity  P rob lem 
( SAR) 
7 (x) Combined C l as s i fic ation b a se d  on both TDS 
and SAR . Al so indicates c l as s i fi cation 
for spe c i fic  parameter . 
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TABLE 4 
Summary of  Sal inity Haz ard ver sus Permeab i l i ty Hazard for 
Publ ic Water Supp l i e s  of  Munic ipal ities  of  Various S i z e s  in 
South Dakota Utili zing Lagoon Systems 
Salinity Hazard 
(as TDS) 
No 
Problem 
( 0  - 4 8 0  ppm) 
Increas ing 
Problem 
( 4 81 - 1 9 2 0  ppm) 
Severe 
Problem 
{1 9 21 - 3 3 6 0  ppm) 
Permeab i l ity Haza.rd (as SAR) 
No 
Prob lem 
0 - 6 . 0  
1 2  or 1 4 . 6% 
7 or 1 4. 9 %  
4 or 1 5 . 4% 
6 or 5 0 . 0% 
2 9  or 1 7. 3% 
2 7  or 3 2 . 5% 
2 0  or 4 2 . 6% 
1 3  or 5 0. 0% 
5 or 4 7 . 7% 
6 5  or 3 8 . 7% 
1 3  or 1 5 . 7% 
5 or 1 0 . 6% 
1 or 3 . 8% 
0 or 0 . 0% 
1 9  or 1 1 . 3% 
Increasing Severe 
Problem Problem 
6 . 1  - 9 . 0  9 . 1  - 8 . 0  
0 or 0 . 0% 0 or 0 . 0% 
2 or 2 . 4% 1 3  or 1 5 . 7% 
1 or 2 . 1% 9 or 1 9 . 1% 
0 or 0.0% 2 or 7.7% 
1 or 8 . 3% 0 or 0 . 0% 
4 or 2 . 4% 2 4  or 1 4 . 3% 
0 or 0 . 0% 1 6  or 19 . 3% 
1 or 2 . 1% 4 or 8 . 5% 
2 or 7 . 7% 4 or 1 5 . 4% 
0 or 0 . 0% 0 or 0 . 0% 
3 or 1 . 8% 2 4  or 14.3% 
Population Ranges 
0 - 5 0 0  
5 0 1  - 1 0 0 0  
1 0 0 1  - 2 5 0 0  
Greater than 2 50 0  
Total 
0 - 5 0 0  
5 0 1  - 10 0 0  
1 0 0 1  - 2 5 0 0  
Greater than 2 5 0 0  
Total 
0 - 5 0 0  
5 0 1  - 1 0 0 0  
1 0 01 - 2 50 0  
Greater than 2 50 0  
Total 
N 
-......) 
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suppl i e s  wi th , for examp le, a Severe Prob lem sal ini ty hazard 
may be obtained by sununing the three  total s hor i zontally in 
the appropr iate row . 
The number of clas s i f ied potable water s upp l ie s  wi th an 
Increa s ing Problem salini ty ha zard and S evere Pr oblem 
permeabi l i ty haz ard is obtained by re ferring to the appro­
priate row and column . The intersec tion of the appropriate 
row and column reveals for example  that there are 24 potable 
water sup p l i e s  c las s i f ied Increa s ing Problem s al inity hazard 
and S evere Problem permeability hazard . 
The number of potable water supp l i e s  wi th a particular 
clas s i f icat ion and a spec i fic population range may be ob­
tained in  a s imi lar manner as described above . The popula­
tion rang e s  are s hown on the r ight s ide of Tabl e  4. 
Tab l e  4 indicate s that there are no potab l e  water 
suppl i e s  wi th a SAR greater than 6 . 0 i f  the TDS is l e s s  than 
4 8 1 ppm . Re ferring to the equation used to calcu late the 
SAR , the ratio i s  dependent on the concentrat i ons of sodium, 
calcium and magne s ium ions . The se ions do not exi s t  in 
solution a lone ( 9 )  but have as sociate ions  which  wou ld 
a f f e c t  the TDS of the water . The results  of Tab le 4 indi­
cate that if the sal ini ty ha zard or TDS i s  not a problem 
wi th respect to i rrigation , then the SAR wi l l  probab ly not 
be a p roblem . 
/ 
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There are 1 6 8 potab le waters that were c l a s s i f i ed o f  
which s even were  c l ass if ied Increasing Prob lem permeab i l i ty 
hazard . The remaining 1 6 1  were c l a s s i fi ed e i ther No Prob lem 
or Severe P rob lem . Forty-eight were c l a s s i fi ed Severe 
Prob lem , whi le the rema ining potab le water s , 1 1 3 , were 
c l as s i f ied No Prob lem permeabili ty ha z ard . As i nd i cated 
above , mo s t  potable water supplies in South Dako ta e i ther 
are or are  not suitable for irrigati on wi th re spe c t  to the 
permeabi l i ty hazard . 
A ma j or i ty o f  the potable waters , 9 3  were c las s if ied 
Incre a s ing  P roblem salinity ha z ard . Forty - s ix were c la s si­
f ied Severe Problem and 29 were c l a s sified No Problem . 
The s e  obs ervations indicate that s a l i n i ty i s  a much greater 
problem than permeabi l i ty .  A larger percentage o f  the 
potable  water supplies , 8 3%, were c las s i f i ed Increas ing or 
Severe Prob lem wi th re spect to sa lini ty ha z ard while only 
3 3% were c la s s i fied Increas ing or Severe Prob lem permeabi­
l i ty h a zard . Of the 1 6 8  waters clas s i f i ed , 2 4  received a 
Severe Problem c l a s s i fic ation for both perme ab i l i ty and 
sa lin i ty h a z ards . This  observation points  out that in South 
Dako ta the sa l in i ty hazard i s  more of a problem than the 
permeabi l i ty hazard in considering irrigation of  potable 
water suppl i e s . 
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Effects  Of Popu lation Range s 
O f  the 1 6 8  water supplie s  clas s�f ied , 8 3  are in the 
popul ation range of 0-5 0 0 , 4 7  are in the popul at ion range of 
50 1-1,0 0 0, 26 are in the population rang e of 1, 0 01-2 , 5 0 0  and 
twelve are in the population range greater than 2 , 5 0 0 . 
Comparing the S evere Problem clas s i f icat ion for both the 
salinity h azard and the permeabi lity haz ard with re spec t to 
the populat ion ranges ; as the population increa s e s , the 
pos s ibl ity of hav ing a Severe Problem c l as s i fi c ation for 
either s a l inity or permeability is reduc ed . For example ,  
for a popul ation range. greater than 2 , 5 0 0 , ther� are no 
munic ipal i t i e s  in the Severe Problem c l a s s i fi ca tion . 
Effec ts  Of  Geographi c Loca tion 
South Dakota contains eight ma j or drainage ba sin s  (1 9 ) . 
The s tate i s  divided in half  by the Mi s s ouri River . The 
Mi s souri River f lows through South Dakota forming the western 
boundary o f  Campbe ll County , and snake s i t s  way south acro ss  
the s ta te to Charles Mix County . 
Ea st of  the Mi s souri River ha l f  way to the ea s tern 
border o f  the State i s  the James River . The James River 
wind s  thro ugh Brown County south to Yankton County where the 
Jame s River f lows into the Missouri River . Ea s t  o f the 
Jame s  River two third s of the way to the eas tern border i s  
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the B�g S i oux River . The B�g Sioux orig inates  in the south­
we s t  corner of Roberts County . The Big S ioux wind s south 
thro�gh Minn ehaha County . After Minnehaha County , the B�g 
Sioux f orrns the eastern boundary of  South Dako ta and empties  
into the  Mi s souri River . 
The we s tern half  of  South Dakota cont a i n s  f ive river s  
flowi�g e a s t  t o  the Mi s souri River from the B l ack H i l l s  
are� . The Grand River flows through Harding , Perk ins and 
Cor son Count ie s . The south edge s of  Harding and Perk in s 
Countie s ,  the north edge of Butte County , Z iebach and Dewey 
Countie s contain the Moreau River . The Cheyenne River makes 
the northeas t  boundary of Shannon County and flows northeast 
to the M i s sour i  River . The north boundar i e s  of Haakon and 
Stanley Counties  are the Cheyenne River . •  The Bad River 
orig inate s in the east central portion o f  Penning ton County . 
The south portion of Haakon County , Jack son , Jone s and 
Stanley Counties  a l so conta in por tions o f  the Bad River . 
The Whi te River f lows due east forming the northern boun­
dar ie s  of Wa shabaugh , Me l lette and Tr ipp Coun tie s .  
Along the we s tern edge of the state i s  the Black Hil l s . 
Runoff  from the mounta inou s area flows to the above men­
tioned s treams eventua l ly reaching the M i s sour i River . 
The g eographi c  location of  each mun i c ipa l i ty whi ch 
uti l i zes  a lagoon system may be seen in · F i gure 2 .  The 
permeab i l i ty c �a s s i f i cation of the potab le water supply of  
each mun ic ipal i ty i s  also  shown in Fi gure 2. There appears 
to be d e f i n i te regiona l s imi lari ties  wi th re spe c t  to perme­
ab i l i ty c l as s i f ic ations . 
Thos e  areas  where the maj ori ty o f  the potable water i s  
c las s i f ied No Problem permeabi l i ty ha zard l ie a long the Big 
S i oux River , or in the southeastern tip o f  Sou th Dako ta . 
The Bla ck Hi l l s  area and the area south o f  the Whi te River 
a l so contain numerous No Problem clas s i fied potable  waters . 
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There are on ly seven muni c ipa l i t i e s  in  which the po­
table  wa ter supp l ies  have been c la s s i f i ed , Increas ing Prob lem 
perme abi l i ty haz ard . Because these  s even waters are dis­
persed throughout the state , no  geographi c a l  re lationship 
appears to be evide nt . 
The l arges t collection of potable water supp lie s 
c las s if ied Severe Prob lem permeabi l i ty ha z ard , l i e  i n  the 
Jame s River B a s in . For examp le ,  Spink County , whi ch i s  
located in the Jame s River Basin contains eight muni c i ­
pa li tie s  with lagoon sys tems , and a l l  e i ght muni ci pa l  
po table water suppl ies are cla s s i f ied Severe Problem . 
The Grand River Basin also contains s ome S evere Prob lem 
c las s i f ie d  potable water supplies . The remainder of  the 
S evere Problem waters supplies are located throughout the 
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The . geographical locat ion o f  each mun ic ipality ut i­
l iz i�g a l �goon sys tem and the c l a s s i f i c ation of  the potable 
water s upply with re spect to  salinity ha z ard .is por trayed in  
F�gure 3 .  There are two . geographic area s whe r e  a maj or ity 
of the No Problem clas s i f ied potable water supp l i e s  are 
located . The s e  are the Black H i l l s  area and the area south 
of the White River . The remain ing No Probl em s a l i n ity 
ha z ard c la s sif ied waters are randomly s cattered thro�ghout 
the state . 
The Increas ing Problem salinity haz ard c la s s i f ied 
potabl e  waters are located pr imarily alo�g the Big  S ioux 
River and the southeast  corner of the state . Many Increa s ­
i�g Problem c l as s i f ied potable water s are a l so loc ated along 
the Grand , Bad , and White River s .  
The ma j ori ty of  the Severe Problem s a l i n i ty hazard 
clas s if i ed potabl e  waters are located along the Jame s River . 
Spink County , contains eight potable water suppl i e s  which 
have been c la s s i f ied Severe Problem . The remaining S evere 
Problem c l a s s i f ied waters are scattered acr o s s  the s tate . 
The combined c la s s i f ication for each potabl e water 
supply and the
. 
geographi c  location of the r e spec tive muni ­
cipality i s  shown i n  F igure 4 .  Again , the combined c la s s i ­
fication r e su l t s  fro� taking th� wor s t  individua l c la s s i -
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fication be tween the salinity and permeabi l i ty hazqrds and 
cla s s i fying the potab le water supply with the mo s t  s evere 
c las s i f ication . 
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There are only two areas where No Probl em c l a s sified 
potab l e  wat er s upplies  show -a def inite geographic relation­
ship . The s e  areas are in the Black Hil l s  area and the area 
south o f  the Whi te River . The se two area s  which contain 
predominate ly No Problem cl a s s i f ied potab l e  water s upp l ies  
would be the mo s t  des irable sources of  water for irr�gation . 
The Increa s ing Problem clas s i f ied potab l e  water sup­
pl ies  are primarily in the eas tern part of  South Dakota ea s t  
of the B i g  S ioux River . The se potabl e water suppl i e s , i f  
used f or i rr igation , may have some detrimental  e f fects  on 
plant l i fe and soil conditions . However , the s e  e f fec ts can 
be o f fset  w i th care ful management and exten s ive mon itoring 
to prevent damage to the soil  and/or the crop . 
S evere Problem c l a s s i f ied potable water suppl ie s  are 
located throughout the state but are primari l y  found along 
the upper port ion of the James River Bas i n . The S evere Pro­
blem c las s i f ied potable water supplies , i f  used for irri -
. gation ,  may be de trimental to crops and s o i l s . Careful 
management in contro l l ing the application ra te s , a l lowi�g 
for l eaching and app lication of soi l cond it ioners such a s 
l ime or sul fa te and gypsum may be neces s ary . Not a l l  Severe 
Problem c l a s s i f ied waters are re j ected for irr�ga tion . Some 
may be suitabl e  for irrigation with no detr imenta
l ef fec ts 
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whi l e  o th e r s  may r u i n  the s o i l matr i x . 
S urrunary O f  C l a s s i f i e d  Po tab l e  Wa t e r  S upp l i e s  U s e d  For I r r i ga t i on 
T h e r e  d o e s . appe ar to b e  a d e f i n i te r e l a t i o n s h i p b e twe e n  
t h e  s i z e o f  a mun i c ipa l i ty and t h e  wa te r qua l i ty o f  t h e  
po tab l e  w a t e r  s up p l i e s .  A s  t h e  c orrunun i ty popu l a t i on i n ­
c r e a s e s , a l arger p e r c en tage o f  t h e  potab l e  wa t e r  s upp l i e s  
a r e  s u i ta b l e f o r  i r r i g a t i on . T h e  r e a s on f o r  t h i s  p h enomenon 
is b e yond t h e  purpo s e  o f  th i s  s tudy . Howe ve r , the pop u ­
l a t i o n  r a ng e s do prov i d e  a va luab le too l i n  a n a l y z i n g  the 
mu n i c i p a l i t i e s  t h a t  u t i l i ze lago o n  sy s tems . T h e  s i z e o f  the 
c ommu n i ty p r ov i d e s  s ome i ndi c a t i on a s  to what quan t i ty o f  
l a nd may b e  n e c e s s ary i n  order t o  d i s po s e  o f  t h e  s to r e d  
wa ter by l an d  d i s p o s a l . However , r e g a rd le s s  o f  t h e  s i z e o f  
the mun i c i pa l i ty , t h e  e c o nomi c s  o f  l a nd d i s p o s a l  by i rr i g a ­
t i on aga i n s t o th e r  t r e a tment a l te r n a t ive s mu s t  b e  c o n s i d e r e d . 
Tho s e  c o s t s a s s oc i a t e d  wi th tre a tme nt and d i s po s a l  o f  the 
wa s te water are impor tant to the mun i c i pa l i ty r e g a rd l e s s  of 
the q u a n t i ty of w a s te water tha t mu s t  be t r e a t e d  and d i spo s ed 
o f . 
Conc l u s ive e v i d e n c e  has b e e n  s hown th a t  re g i o n a l s imi ­
l a r i t i e s w i th re s p ec t to th e c l a s s i f i c a t i o n  o f  p o tab le 
wa te r s f o r  i r r i g a t i on do e x i s t . The s e  r eg i on a l  s i mi l a r i t i e s  
wi l l  b e  d e a l t  wi th i n  s e l e c t i ng s amp l i ng r o u t e s i n  a l a te r  
c h ap ter . 
3 9  
Th e  w a t e r  qu a l i ty o f  the potab l e  w a t e r  s up p l i e s  f o r  
tho s e  mu n i c i p a l i t i e s  u t i l i z ing l agoon s y s t em s  f o r  w a s te 
w a t e r  t r e a tme nt.  h ave been c l a s s i f i e d  wi th re s pe c t  to s u i t a ­
b i l i ty o f  t h e  po t ab le water s upp l i e s  f o r  i r r i g a t i on . The s e  
re s u l t s  a r e  s h own i n  Tab l e  3 and Append i x  B .  I f  t h e  s ou r c e  
o f  p o ta b l e  w a t er supply c hange s or t h e  c h a r ac te r i s ti c s  
c h ange , the c l a s s i f i c a ti ons pres ented may b e c ome i nv a l i d  f o r  
th a t  p a r t i c u l a r  water s upp l y . I n  add i t i on , the s ou r c e  o f  
t h e  s amp l i ng r e s u l t s  u s e d  t o  c a l c u l a te the v a r i o u s  me a s u r e s  
w a s  pub l i s h e d  i n  January , 1 9 7 1 . Ma ny re s u l t s  may n o  longer 
ho l d  t r u e  due to po tab le water trea tme n t  s uc h  as s o f t ening , 
a n ew s ou r c e  o f  p o t a b l e  water , or the s amp l i n g  re s u l t s 
c h ang ing a f t e r  exte nded p e r i o d s  o f  pump i ng . 
The c o n c l u s i o n s  drawn above ho ld true f o r  the ava i l ab l e  
wa t e r  q u a l i ty a n a ly s i s  d a ta u s ed to c l a s s i fy t h e  p o t ab l e  
w a t e r  s upp l i e s . The re s u l t s o f  th i s  s tudy s ho u l d  p e r i od i ­
c a l ly b e  u p d a ted wi th new s amp l ing r e s u l ts o f  the po tab l e  
wa t e r  s u pp l i e s  to prov i d e  up- to-date i n f orma t i on o n  the 
_
s u i tab i l i ty of t h e  p o tab l e  water supp l i e s  f o r  i r r i ga t i on . 
QUAL ITY _EVALUATION FOR IRRIGATION OF LAGOON EFFLUENTS 
FOR MUNIC IPALITIES IN SOUTH DAKOTA WITH LAGOON SYSTEMS 
Me thodo logy And Guide l ines 
4 0  
The South Dakota Department of  Environmental Protec tion 
ana lyzed _ grab samp l e s  taken from various l agoons i n  South 
Dakota during and pr ior to thi s study . The grab s amples  
were taken to monitor the water qua l ity of tho s e  l �g o on s 
that were d i scharging . Faye Kerr , an Extens i on Water Re-
source s  Spec iali st  at South Dakota S tate Univer s i ty , re-
ceived copie s of  the water ana lys i s  for the l agoon e ffluents .  
Mr . Kerr was interested in the po s s ibi l i ty of u s i�g thi s 
s tored was te water for irr igation . H i s  inter e s t  i n  i rr iga -
tion o f  lagoon eff luent prompted Mr . Oden ' s  EPA research 
grant and th i s  s tudy . 
The_ guide l ine s a s de s cr ibed i n  Chap t e r  IV , which were 
used to c l as s i fy the potable wa ter suppl i e s  were a l s o  us ed 
to clas s i fy the ava i lab le lagoon effluent data . The results 
of the c l a s s i fe� l agoon system e f f luents ar e shown i n  Table 
5 .  
Compar i son O f  Potable Water Supplies  And Lagoon Sys t em E f flu-
ent s For I rr igat i on 
A compar i son of the c l a s s i f i e d  po tab l e  water supplies  
and respective lagoon s y s tem e f f l u e n t s  i s  shown in Table 5 .  
TABLE 5 
Compari son o f  Water Qual i ty for 
Irrigation of South Dakota Pub l ic Water Supp l ies  · 
and Lagoon Sys tems Ef fluents 
Sodium Abs·o·rption Ratio Tota l D i s so lved Sol id s  ( ppm ) 
Location and Public  Pub l ic · 
Date of Sampl ing Lagoon Water Lagoon Water D i f fer -
of Lagoon System System Sup12ly Sys tem Supply ence 4 
We s sington ( 1 2/2 6/7 4 )  5 .  7 -Nl 5 . 3 -N 1 8 5 6 - 1 2 2 2 0 5 - s 3 - 3 4 9  
Orient ( 1/ 3 /7 5 )  3 3 . 1-S  2 8 . 2 - S  3 3 6 0 -S 1 8 0 1 - I  1 5 5 9  
Alexandria ( 1/ 1 0 / 7 5 )  8 . 6 - I  1 . 4 -N 3 7 6 3 - S 1 3 3 3 - I  2 4 3 0  
Bridgewater ( 1/ 1 0/7 5 )  7 . 5 - I  2 . 5 -N 2 2 0 8 - S  1 2 7 9 - I  9 2 9  
Parkston ( 2 /12/7 5 )  1 4 . 5 - S  5 . 6 -N 3 4 6 2 -S 1 6 0 0 - I  1 8 6 2  
Cre sbard ( 3/6/7 5 )  3 3 . 1 - S  2 9 . 4 - S  3 4 5 6 -S 2 1 7 0 - S  1 2 8 6  
Faulkton ( 3/ 6 /7 5 )  3 . 5 -N 2 1 . 1 - S  1 5 3 2 - I  1 4 3 6 - I 9 6  
Letcher ( 4 / 9/7 5 )  5 . 0-N 2 . 5-N 2 0 9 9 -S 2 1 3 6 - S  - 3 7  
Viborg ( 4 / 1 5/7 5 )  5 . 0 -N 0 . 7 -N 1 9 7 1- S  1 6 8 1- I  2 9 0  
Canova ( 4 / 1 7 /7 5 )  5 . 3 - I  3 . 9 - I  1 0 1 8 - I  1 6 8 5 - I  - 6 6 7  
� 
1--' 
TABLE 5 (Continued ) 
S odium Ab s o ret ion Ratio Total Dissolved S o l ids ( p2m) 
Location and S tab i l i- P ub l ic S t ab i l i - Pub l i c  
Date o f  S ampl ing zation Water zat ion Water 
of  S t ab i l i z ation Pond Pond S upply Pond Supp ly 
Freeman ( 4 / 1 7 / 7 5 )  7 . 1- I  3 . 4 -N 2 0 6 7 - I  1 8 8 9 -N 
T r ipp ( 5/ 2 1/ 7 5 )  12 . 3 - S  2 . 2 -N 1 5 8 1- I  1 3 9 1 - I  
Tabor ( 5/ 2 2/ 7 5 )  10 . 0 - S  6 . 5 - I  2 7 8 4 -S 1 5 4 9 - I  
Brooking s 5 ( 8/ 1 3 / 7 3 )  5 . 0-N 0 . 5 -N 12 8 0 - I  7 1 5 - I  
1 (N ) N o  Prob lem 
2 ( I )  I ncreas ing Prob lems 
3 ( S )  S evere Prob lems 
4 (Dif ference ) Dif ference between Total Di s solved Sol ids  ( ppm ) 
5 (Brookings ) Data from Chuck Tiltrum ' s  Thes is , 19 7 3  
� 
Di f fe r-
ence 
1 7 8  
1 9 0 
1 2 3 5  
5 6 5  
� 
� 
The date in  which the lagoon effluent was s ampled is  a l so  
inc luded . Of  the 1 8 4  municipal lagoon sys tems in South 
Dakota only 1 4. had eff luent qual i ty data . Sea s onal e f fects 
can have a definite inf luence on the water qua l i ty of  the 
lagoon e f f luent . Low temperatures caus ing ice formation 
concentrates the cons tituents below the ice l ayer . I f  the 
s y s tem dis charges after the ice formation takes p l ace then 
the e f f luent wi l l  be more concentrated than a t  s imi lar 
temperatures , without ice formation . 
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I f  the concentrated effluent i s  di s charged and later 
the ice  me lts , then the eff luent after me l ting would be 
di luted . S easona l effects not only related to ice formation 
and i ce me l t  but also biological activi ty . The s e  factors 
a l l  inf luence the concentration of cons ti tuents i n  the 
lagoon system e f f luent . 
The lagoon sys tem eff luents were s amp le d from December 
1 9 7 4  to May 1 9 7 5 ,  with another samp le taken i n  Augus t  of  
1 9 7 3 . The norma l irrigation season for  South Dakota i s  from 
about June to late Augus t .  The length o f  the irrigation 
s ea s on may be expanded or reduced accord ing to the crop 
moi s ture requirements ,  and the amount of natural precipi­
tation as we ll  as the normal growing s ea son o f  the spe c i f i c  
crop .  The l arge s t  mo i s ture demand for mos t  c rops native to 
South Dakota occurs during July and Augu s t . 
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The above samp led lagoon systems provide l i ttle ind i ­
cation a s  t o  the ac tua l water qua l i ty which may be encountered 
i n  the months of July and Augus t .  The actua l ·change s between 
potable water qua lity and lagoon sys tem e f f luents are not 
c lear ly shown in Table 5 ,  because the changes are ma sked by 
seasonal phenomena . I n  addition , the type o f  water uses  in­
f luences the water qua l i ty changes be twee n  potable  water and 
l agoon s y s tem e f f luents . 
There i s  a de finite need for more informat ion r e lating 
to the water qua l i ty that would be encountered duri ng the 
irrigation  season . The cost of samp l ing a l l  the l agoon 
s y s tems i s  not feas ible in a single s tudy due to the number 
o f  s y s tems and the location . I t  i s  however , recommended 
that some route or routes be devi sed tha t  would  provide a 
repre s entative sampling of the type s and s i z e s  of lagoon  
s y s tems which may be  encountered acro s s  the s tate . I t is  
a l so recomme nded that these samples be ob tained dur i ng the 
i rrigation s eason when the lagoon e f f luents wou ld norma l ly 
be app lied to the land . 
SELECTION OF LAGOON SYSTEMS IN SOUTH DAKOTA TO BE SAMPLED 
AND ANALYZED FOR IRRIGATION SUI TAB I LI TY 
Genera l 
45 
The water qua l i ty data for potab l e  water supp l ie s  are 
sub s tantial ly more numerous than the ava i l ab l e  water qual i ty 
data for lagoon e f f luents . Little work i n  the area o f  
obtain ing background information as t o  the ac tual  water 
qua l i ty of s ta b i l i zation pond effluent with r e spec t to 
irr igation is ava ilabl e .  
S amp l ing a l l  the lagoon systems in South Dakota u s ed 
for treatment o f  munic ipa l wa ste water i s  not economically 
practical  for  determining the suitabi l i ty of  l�goon e f f luents  
for irr iga tion ; however , sampl ing a repre s entat ive number of  
l agoon systems would be  economically practic a l . The  sarn-
p l ing r e s u l t s  would not f irmly tie down the water qua l i ty of  
var ious  lagoon sy stems acro s s  South Dakota , but would pro ­
vide some indication as  to the suitab i l i ty o f  the s tored 
water for irr igat ion . 
Methodology 
I t  wa s dec ided by the MY . Odens  and author that the 
twelve large s t  lagoon sys tems would be inc luded in the 
thirty or more sampl ing s . The twelve large s t  lagoon systems 
would provide the large st quantities of  water for irr igat ion 
thereby making the sampling of these sys tems de s irable . 
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A South Dakota road map was used to s e l e c t  route s for 
samp l ing . The twe lve ·largest l�goon sys tems we re located on 
th� map and route s were plotted which inc luded the twe lve 
s i te s . 
S i s se ton was deleted from the route s due to the geo­
graphic l ocation with re spect to the �ther e l even l arge st 
l �goon systems . A convenient route could not be e s tabl i shed 
which would l ink S i s seton to the other e l even munic ipal ­
itie s . 
The number o f  addit ional sampl ing locations were deter­
mined by applying th� perc entage of  d i s tribution for each of 
the ·s even p ermeab i l ity-hazard salin ity -ha z ard comb inations 
shown in Tab l e  4 against the sampl ing popu l ation of 3 0 . The 
eleven l a�ge s t  l agoon systems f i l led the a l l o tment for the 
No Probl em combination of sal ini ty and permeab i l ity . The 
No Problem c ategory is the mo st  des irable . group to sample , 
there for e , additional sampl ing s were propo sed . 
The calculated sampl ing allo tment for the Increa sing 
Problem , Increas ing Problem clas s i fication was a l so sat i s­
f ied by the e l even larges t  lagoon systems . However , _ because 
thi s c las s i f ication group was one of the smal l e st , no addi -
t ional s amp l ings were proposed .  
Fewer l agoon s i tes  than c alcul ated are proposed for the 
Severe Probl em c l a s s i f ied water s .  It is doubt f
ul tha t a 
potable water suppply with a Severe Problem 6 la � s i fication 
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for e i ther the sal inity or permeab i l ity haz ard would b e  used 
for irrigat ion . The water qua l i ty would probably wor sen 
with use mak ing tho se lagoons wi th a S evere Prob l em c la s s i ­
f i ed potab l e  water supp ly unde sirable  f o r  irr iga tion . 
However , at l e a s t  one sample i s  propo sed for each c la s s i f i ­
cation . group ; fe�er for th� Severe Probl em . groups and more 
for the irr igabl e  groups . 
The sampl ing locations in addition to the e leven 
la�ge s t  lagoon systems were selected on the b a s i s of po tab le  
water qua l i ty and  location along ma j or h i ghways between the 
la�ger systems .  More than one samp l ing route would b e  
required i n  order to obta in samples from each of  the 3 4  
lagoon s i te s . Table  6 contains a l i s t  o f  e a c h  lagoon s i te 
in the propo sed order of sampl i�g . The c l a s s i f i ca tion of 
each re spect ive potable  water supply is a l so provided in 
Tab l e  6 .  
Figure 5 pictor ially i l lu strate s the four propos ed 
samp l ing route s .  Sampl ing Route A conta i n s  three separate 
route s , A ,  A '  and A" . Sampl ing route s A '  and A" are sam­
p l ing locations that may. be obta ined through other re search 
s tud i e s  tak ing place in Brooking s and Mi lbank re spec t ively . 
samp l ing Rou te A would cover the nor theas tern part o f  
South Dakot a . The route would start and terminate in Brook-
ings . 
TABLE 6 
Propo s e d  Routes for S ampl ing o f  S tab i l i z at i on 
Ponds in South Dakota During the 
I rrigation Season 
Locat ion Population 
Sampl ing Route A 
E s te l l ine 5 0 1- 1 0 0 0  
Wat ertown Greater than 2 5 0 0  
Web s ter  1 0 0 1- 2 5 0 0  
Andover 0 - 5 0 0  
Gro ton 1 0 0 1- 2 5 0 0  
Aberdeen Gre ater than 2 5 0 0  
Redf i e l d  1 0 0 1- 2 5 0 0  
Huron Greater than 2 5 0 0  
Woonsocket 5 0 1- 10 0 0  
Howard 1 0 0 1 - 2 5 0 0 
Madison Greater than 2 5 0 0  
Colman 5 0 1- 1 0 0 0  
S ampl ing Route A '  
Brookings Gre ater than 2 5 0 0  
Vol g a  5 0 1- 10 0 0  
S ampl ing Route A "  
Mi lbank Greater than 2 5 0 0  
Cla s s i f i cat ion 
SAR TDS 
Nl 
N 
N 
N 
s 3 
I 
s 
N 
s 
I 
N 
N 
N 
N 
N 
N 
N 
1 2 
I 
s 
I 
s 
N 
I 
s 
I 
N 
I 
I 
I 
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TABLE 6 ( Cont inued ) 
· · · · Population 
Sampling Route B 
Be l l e Four che Greater than 2 5 0 0  
Spe ar f i s h Greater· than 2 5 0 0  
Whi tewood 5 0 1 - 1 0 0 0  
S tur g i s  Greater than 2 5 0 0  
N ew · Unde r wo o d  0 - 5 0 0  
Wa l l  5 0 1 - 1 0 0 0  
Murdo 5 0 1 - 1 0 0 0  
Whi te River  5 0 1 - 1 0 0 0  
Winner Greater than 2 5 0 0  
P l a t t e  1 0 0 1 - 2 5 0 0  
Parks ton 1 0 0 1 - 2 5 0 0  
Tr i pp 5 0 1 - 1 0 0 0  
Spr i n g f i e l d 1 0 0 1 - 2 5 0 0  
Tynda l l  1 0 0 1 - 2 5 0 0  
Ber e s ford 1 0 0 1 - 2 5 0 0  
Canton Greater than 2 5 0 0  
Lennox 1 0 0 1 - 2 5 0 0  
Tea 0 - 5 0 0  
Ba l t i c  0 - 5 0 0  
1 ( N ) No Problem 
2 . ( I )  I ncre a s ing Problem 
3 ( s )  S eve r e  Problem 
c 1 a·s s•i f•ica  tion 
SAR TDS 
N N 
N N 
N N 
N N 
s I 
s I 
N I 
N N 
N N 
s s 
N I 
N I 
N N 
N I 
N I 
N I 
N I 
N s 
N I 
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S amp l i n g  Route A. S amp l i n g  Rou t e  A "  
- - - S amp l ing Rou t e  A '  - - - S amp l i n g  Rou t e  B 
F i gure 5 - Propo s ed rou te s for s amp l i ng o f  l a goon s y s t em i n  S o u t h  
D a k o t a  dur i ng the irr i g a t i o n  s ea s o n  . 
· · 
U1 
0 
5 1  
Samp l in g  Route B would star t i n  the B l ac k  H i l l s  and 
cove r  the southern h�l f of Sou th Dakota . The l ength o f  t h i s  
route wou l d  require two days of sampl ing . 
5 2  
SUMMARY AND CONCLU S I ONS 
The ava i lable water quality data for potab l e  water 
supp l i e s  and l agoon effluents were cla s s i f i ed for irr �gation 
suitabi l ity . Guide l ine � deve loped by the Env i ronmenta l  
Protec t ion Agency were used t o  c l a s s i fy the water s . The 
results  o f  the c l a s s i f ications for the potabl e water sup­
p l i e s  are s hown in Table 3 and Appendix B .  The c l a s s i f ied 
lagoon e f f luents are shown in Tabl e  5 .  Ther e  was suff icient 
potable  water supply data avai lable  to analyze  the water for 
irrigation suitab i l i ty . However , only fourteen l �goon 
systems had sufficient data for c l a s s i fy ing . 
The c l a s s i f ied potab le water supp l i e s  wer e  used to 
s e lect lagoon sites  to be sampled in a s tatewide sampl ing 
program . Insufficient lagoon effluent water qua l i ty data 
prompted the use of  the c l a s s i f ied potab l e  water supp l i e s  in 
s e lecting the s ites . Thirty- four s i te s  were s e l ected to 
inc lude e l even of  the largest la goon sys tems . A minimum o f 
one o f  each c l a s s i f ied group wa s al lowed for in  the sampl ing 
program . 
The general conc lusions from thi s  s tudy pertain to the 
water supply data . Regional simil arities  with r espec t  to 
water qual ity are evident for both SAR and TDS . The s i ze o f  
a munic ipal i ty appeared t o  have a n  inf luence on the
 water 
qua l i ty .  However , the aqui fer or surface wat
er supply would 
d ictate the water qua l ity rather than the 
population .  
There are l i ttle ava ilable data for irr�gation suit­
abi l i ty of  l agoon effluents  in South Dakota . A s arnp l i�g 
program to obtain a wide spread range of  type s o f  lagoon 
e f f luents may be  very b�neficial . 
5 3  
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APPENDIX A 
Mun i c i pa l i t ies in South Dakota th at U ti l i z e  
Lagoon Systems for Was te Water Trea tment 
Census No . S i z e  
Location 19 7 0  Ce l l s  ( Acres ) Remarks 
Aberdeen 2 6 , 4 7 6  2 1 2 . 8/ 1 3 . 1  P o l i shing 
Agar 1 5 6 1 2 . 1  2 Leve l 
Akaska*  4 6  1 0 . 8 
Alexandria 5 9  8 1 8 . 2  2 Leve l 
Andover 13 8 1 2 . 5  2 Level 
Armor 9 2 5 1 9 . 8 
Artas * 7 3  1 1 . 2 
Arte s ian * 2 7 7  2 S eries  
Ashton 13 7 1 1 . 4  2 Level 
Aurora*  2 3 7 1 3 . 0  2 Level 
Avon 6 1 0 1 4 . 1 
Bal t ic 3 6 4  1 3 . 8  
Bate s l and * 1 2 5  1 1 . 6  2 Leve l 
B e l l e  
Fourche 4 , 2 3 6  2 2 2 . 9 / 2 9 . l  Para l l e l  
Beres fo rd 1 , 6 5 5 2 8 . 5/ 8 . 0  S er ie s  
B i g  S tone S e r i e s  & 
Ci ty 6 3 4  2 4 . 7/ 3 . 9  Paral lel  
B i s on 4 0 6  3 8 ( Total ) S eries 
Bones tee l 3 5 4  1 5 . 4 
Bowdle  6 6 7  2 8 . 6/1 0 . 7  
Paral l e l  
B r andon * 
S e ri e s  & 
1 , 4 3 1 2 9 . 8/1 0 . 9  Paral l e l  
5 8  
Cens us No . S ize 
Lo cation 1 9 7 0  Ce l l s  (Acres ) Remarks 
B rentford 9 4  1 1 . 0  2 Leve l 
Bridgewater S e ries  & 
6 9 4  2 3/4  P aral le l 
B ri t ton * s e ries & 
1 , 4 6 5 2 1 1/ 1 1 . 5  Paral lel  
B rookings 13 , 7 1 7  2 1 2/ 1 5 . 3  Pol ishing 
B ryan t  S e ries & 
5 0 2  2 2 . 7/2 . 7  Paral le l  
B uffalo 3 9 3 1 6 . 3 
Burke 8 9 2 3 4 . 8/ 3 . 7/1 8  S e r ie s 
C anis tota  6 3 6 1 8 . 3  2 Level 
C anova 2 0 4  1 2 . 9  
C anton S erie s & 
2 , 6 6 5  2 1 5 / 1 5  P aral lel  
Cas t l ewood S eries  & 
5 2 3 2 7 . 6 / 8 . 4  P aral le l  
C avour 13 4 1 2 
Chance l l o r  2 2 0  1 2 
Ches te r  1 7 7  1 2 . 4  2 Level 
C laremont 2 1 4  1 2 . 6  
C lear Lake 1 , 1 5 7  1 1 2  
Colman S e rie s & 
5 0 5  2 2 . 0/4 . 2  Parallel  
Colome S eries & 
3 7 5  2 2 / 2  Para l lel  
5 9  
Census No . S i z e  
Location 19 7 0  C e l l s  ( Acre s ) Remarks 
Col umb i a * 2 4 0  1 3 . 0  2 Level 
Conde 2 7 9  1 5 . 0  2 Leve l 
Corona * 13 3 1 1 . 6  2 Le vet 
Co rs ica  S e ries  & 
6 1 5  2 2 . 7/ 3 . 3  Paral lel  
Corson 5 0  
Cresbar d  2 2 4  1 3 . 0 2 Leve l 
C rooks 2 0 2  1 2 . 1 2 Leve l 
De lmont 2 6 0  1 4 . 3 2 Leve l 
Dimock * 2 Level 
1 6 2  1 6 . 0  ( Mun . & Dairy ) l 
Dol and 4 3 0  1 3 . 5 2 Leve l 
Drape r 2 0 0  1 2 . 0  
Eagle 8 . 4 / 1 0 . 6  P aral lel  & 
Butte 5 3 0  4 2 7 . 6 / 1 5 . 6  S eries  
Edgemont 1 , 1 7 4  1 2 0 . 4  
Egan 2 8 1 1 2 . 7 2 Leve l 
E lk Po in t  1 , 3 72 1 1 6 . 0  
Eme ry 4 5 2 1 6 . 4 2 Leve l 
E s tel l ine 6 2 4 1 8 . 2  
Ethan 3 0 9  2 4 . 1/ 3 . 8  
E ureka 1 , 5 4 7  1 Natural Pond 
Fa i r f ax 1 9 9 1 3 . 0  2 Leve l 
Faith 5 7 6  2 8 . 0/ 1 . 5  S e ri e s  
Faulkton 9 5 5 1 9 . 0 
6 0  
Census No . S i z e  
Location 1 9 7 0  Ce l l s  ( Ac re s ) Remarks 
F lorenc e *  1 7 5  1 2 . 4 2 Level 
Fort S e r i e s  & 
P ierre 1 , 4 4 8  2 7 . 7 / 7 . 8  Paral lel  
Frankfo rt 1 9 2 1 2 . 3 2 Level 
Frederick 3 5 9  1 4 . 4 
Freeman S e r ies  & 
1 , 3 5 7  2 1 5 / 1 5  Parall e l  
Garretson S e r i e s  & 
8 4 7  2 4 / 4 . 3  Paral lel  
Gary 3 6 6  
Gayvi l l e  2 6 9  1 2 . 6 2 Leve l 
Gedde s  S e r i e s ; 
3 0 8 2 . 5/ . 6 Gravel P i t  
Get tysburg 1 , 9 1 5  2 8 / 1 0 S eries  
Glenham 1 7 8  1 • 8 
Gregory 1 , 7 5 6  1 1 3 . 6  
Groton 1 , 0 2 1  1 1 4 . 6  
H arro l d  C i rcul ar ; 
1 8 4  1 2 . 2  2 Leve l 
H ayti  S e rie s & 
3 9 3 2 2 . 3/2 . 6  Parallel  
Hec la 4 0 7  1 7 . 4  
H e rmo s a  1 5 0  1 1 . 6 2 Leve l 
H ighmore Series & 
1 , 1 7 3  2 6 . 7/ 6 . 3  Para l l e l  
H i l l  C i ty S e ri e s  & 
3 8 9 3 5 /5/ 3 Par a l l e l  
Cen s us No . 
Loc ation 19 7 0  C e l l s  
Hoven 
6 7 1  3 
Howard 
1 , 1 7 5 2 
Hudson 3 6 6  
Humboldt 4 1 1  1 
Hurley 3 9 9  1 
Huron 
14 , 2 9 9  9 
I n terior 8 1  1 
I s ab e l  3 9 4 1 
Je f fers on 4 2 4  1 
Kadoka 
8 1 5 2 
Kennebe c  
3 7 2 2 
Kimb a l l  
8 2 5 2 
Lake Andes 9 4 8  1 
L ake Norden 
3 9 3 2 
Lake 
P res ton 8 1 2  2 
Langford 3 2 8 1 
Leb anon * 1 8 2  2 
Lemmon 1 ,  9 9  7 1 
Lennox 
1 , 4 2 7  3 
S iz e  
(Acre s ) 
3 . 1/3 . 1/ . 4 
7 . 6 / 7 . 4  
1 2 . 3  
5 
2 8 1 . 6  
( Total ) 
2 . 1  
2 . 7 
4 . 5  
7 . 6 /7 . 2  
2/2 
5/5  
1 1 . 2  
9 . 3/9 . 3  
7 . 0/7 . 0  
5 . 3 
1 .  6/2  . 5  
2 5  
5 . 3/ 7 / 5 . 4  
6 )  
Remarks 
Serie s  & 
Para l le l  
S erie s  & 
Para l le l  
Mun . & D airy 
2 Level 
3 Anaerobi c  
6 Aerobic 
(Mun & Indus . )  
2 Level 
2 Level 
S erie s  & 
Paral le l  
S e rie s & 
Paral l e l  
S erie s & 
Paral l e l  
2 Leve l 
S erie s & 
Paral le l  
P aral l e l  
S erie s  
Se rie s & 
Paral le l  
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Cen s us No . S i z e  
Location 19 7 0  Cel l s  ( Ac re s ) Remarks 
Leol a  7 8 7  1 12 . 0  
Les tervi l l e  1 8 1 1 1 . 5  2 Leve l 
Letche r 2 0 1  1 4 . 1 2 Level 
Long L ake * 1 2 8 1 1 . 1 
McCook 8 6 0  2 . 4 / 1 . 8  
Mc i n tosh 5 6 3  1 6 . 9 
McLaughl in 8 6 3  1 9 . 7 
Madi son 6 , 3 1 5  1 2 7  Pol is hing 
Marion S er i e s  & 
8 4 4  2 6 . 2 / 3 . 4 Para l lel  
Mar tin 3 . 5/ 3 . 5  S er . & Par . 
1 , 2 4 8  4 4 / 4  S er .  & P ar . 
Midland 2 7 0  1 2 . 1  2 Level 
Mi lb ank Pol ishing ,  
3 , 7 2 7  2 14 . 4 / 1 4 . 1  S e r ie s 
Mi l le r  2 , 1 4 8  2 1 7 . 7/ 1 7 . 7 P arallel  
Mi s s ion S e ries  & 
7 3 9  2 1 2 / 1 2  Para l l e l  
Mon tro s e  3 7 7  1 5 . 6  2 Level 
Mo rris town 1 4 4  1 3 . 0  
Mound C i ty 1 6 4  1 1 .  6 
Mt . Veron 3 9 8 1 
5 . 5  2 Level  
Murdo 8 6 5  1 
9 . 3 
S eries  & 
New 
E ff ington *  2 5 8  2 2/1 .
7 Para l le l  
S e r i e s  & 
Newel l  
6 6 4  2 5 / 5  Para l lel 
6 4  
Cen s u s  No . S i z e  
Location 19 7 0  Ce l l s  (Acre s ) Remarks 
S t .  Fran c i s  S erie s & 
3 0 0  2 3 . 1/ 3 . l  P aral le l  
S t . Lawrence 2 4 9  
S t . Onge 9 0  1 • 8 2 Level 
S al em S erie s & 
1 , 3 9 1  2 6 . 3 / 6 . 2  P aral le l 
S cotland 9 8 4  2 6 . 7/ 6 . 4  Mun . & D a i ry 
S e lby S e r ie s  & 
9 5 7  2 5 . 2 /4 . 8  Paral l e l  
S is se ton 15 . 1/1 7 . 1/ S e rie s 
3 , 0 9 4  3 1 8 . 7 & P aral l e l  
S outh S erie s & 
Shore * 19 9 3 . 7/ . 7/2 . 1  Paral l e l  
S pe a r f i sh S e rie s & 
4 , 6 6 1  2 6 4 . 4/ 3 9 . 2 Paral l e l  
S p ring f ie ld  S e r ie s  & 
1 , 5 6 6  2 7 . 7/ 1 1  Para l l e l  
S turg i s  S e r ie s  & 
4 , 5 3 6  2 3 6 . 5/ 2 4 . 2  Paral l e l  
Summit 3 3 2 2 3 . 6/ 2 . 1  S e ri e s  
Tabor 3 8 8  1 4 . 9 
Tea  3 0 2  1 3 . 4  2 Leve l 
Timber Lake 6 2 5 
Tol s toy 9 2  1 1 . 5  2 Leve l 
Toronto 2 1 6 1 3 . 3  2 Leve l 
T ren t 1 7 7  1 1 . 3  
2 Leve l 
T r ipp 8 5 1  1 
11 . 0  2 Leve l 
6 3  
Census No . S i z e 
Location 19 7 0  Cel l s  (Acre s )  Remarks 
New 
Underwood 4 1 6  1 5 
Oacoma 2 1 5 1 4 . 1  2 Level 
O l dham 2 4 4  1 3 . 6 2 Level 
Onida 7 8 5  1 11 . 5 
O rient 13 1 1 2 . 0  
Parker Serie s & 
1 , 0 0 5  2 5 . 5/ 5 . 5  Par a l l e l  
Parks ton 1 , 6 1 1  1 1 5 . 5  Mun . & Dairy 
Peever 2 0 2  1 3 . 5 2 Level  
Ph i l ip 9 8 3 2 4 . 1/ 7 . 9  Paral l e l  
Pick s town 3 5 0  2 2 / 1 . 7  
P i e rpont 2 Level , 
2 4 1  2 3 . 5/ 3 . 5  Serie s 
P l ankinton 6 1 3  1 7 . 4  
Plat te 1 , 3 5 1  2 8 . 3/ 8 . 5  
Pol lock S e ri e s  Dairy 
3 4 1  2 2 . 3/ 2 . 3  & Munic . 
P re sho 9 2 2 1 1 0 . 4  
Raymond 
1 . 5 / 1  
2 Level & 2 
114  2 Evap . Ce l l  
Red f i e l d  2 , 2 4 3  1 3 0 . 2  
Re l iance 2 0 7  1 3 . 0  
Revil lo 
S e ries  & 
14 2 ?  2 1 . 9 /1 . 9 P aral le l  
Roscoe 3 9 8 1 
6 . 0  2 Level 
-
6 5  
Cens us No . S i z e  
Location 1 9 7 0  C e l l s  (Ac re s ) Remarks 
Tul a re 2 Leve l & 
2 1 1 2 3 . 1/ 3 . l  E vap . Ce l l  
Tyn dal l 1 , 2 4 5  1 13 . l  
Vale  1 3 8 1 1 . 7  2 Leve 1 
Val l ey 
S prings 5 6 6  2 3 . 3 /2 . 0  S eries  
Veb len 3 7 7  3 1 . 3/1 . 2 / 4 . 7  S erie s 
Vibo rg 6 6 2  1 7 . 5  2 Leve l 
Volga  Aerated & 2 
Ce l l s  Mun i . 
9 8 2  3 7 / 7 / 7  & Dairy 
Vo l in 15 7 1 2 . 0  2 Leve l 
Wagne r  Aerated & 
1 , 6 5 5  2 1 . 0 / 2 1 1 Ce l l  
Wakonda  2 9 0  1 4 . 0 2 Leve l 
Wal l  Series  & 
7 8 6  .... 2 8 . 7/ 8 . 7  Para l lel  
Warner *  14 6 2 1 . 3/ 1 . 1  S eries  
Watertown S e ries , 
13 , 3 8 8  2 3 0/2 3 . 8  Pol i shing 
Web s te r  S e ri es & 
2 , 2 5 2  2 1 6 . 5/1 6 . 5  Paral lel  
Wes s ington 3 8 0 2 . 7/ . 7 S e rie s 
We s s ington 
S pr in g s  1 , 3 0 0  1 2 0  
White  Lak e  3 9 5 1 7 . 1  
Wh ite Rive r 6 1 7  1 5 . 0  
Whitewood 6 8 9  1 4 . 2 
6 6  
Cen s us No . S i z e  
Location 19 7 0  Cel l s  (Acre s ) Remark s 
Wilmot 5 7 8  1 7 . 5 
Winner S er i e s  & 
3 , 7 8 9  2 2 0/2 0 Parallel  
Woonsocket S e ries  & 
8 5 2  2 6 / 7 . 5  Parall e l  
Wor thing 2 9 4  1 3 . 1  2 Level 
Yale 14 8 1 2 . 0  2 Level 
1 - Abbrev iation fo r mun ic ipal  waste . 
2 - Abbreviat ion fo r evaporation ce l l . 
* - Denote s community with ins uffi cient pub l i c  water 
qual ity analys is data to calcul ate SAR o r  doe s  not 
p rovide TDS or  E . C .  
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APPENDIX B 
Clas s i f ication o f  Pub l ic Water Supp l i e s  for 
I rrigation for those Mun i cipal ities in  S ou th D akota 
that U t i l i ze S tab i l i z a tion Ponds and h ave a 
Population less  than 1 0 0 1  
Census TDS l C la s s i f ic at ion 
Location 19 7 0  { ppm) SAR2 No3 I nc . LI S ev . 5 
5 0 1  to 1 0 0 0  Popul ation 
Alexandr ia 5 9 8 2 , 0 9 9 x 6 , 7 
1 .  4 x 
Armor 9 2 5  1 , 7 8 0  x 
1 5 . 3  x -
Avon 6 1 0  2 , 3 2 1  x -
7 . 1 x 
B ig S tone 
C i ty 6 3 4 9 0 8  x -
. 5 x 
· Bowdl e  6 6 7  6 4 7  x 
1 . 3 x 
B ridgewater 6 9 4 1 , 2 7 9  x 
2 . 5  x 
Bryant 5 0 2  3 , 0 1 5  x -
5 9 . 6  x 
B u rke 8 9 2 34 7 x -
. 3 x 
Can i s tota 6 3 6  1 , 5 9 4  x 
4 . 7 x 
Cas tlewood 5 2 3  59 4 x 
. 7 x 
Colman 5 0 5  2 , 0 2 0  
x -
2 . 3  x 
6 0 1  8 3 7  x Co l ton -
• 6 x 
68 
Census  TDS C la s s i f i c ation 
Location 1 9 7 0  (ppm)  SAR No Inc . S ev .  
Cors ica  6 1 5 1 , 3 2 9  x 
1 4 . 2  x -
Eag l e  Butte 5 3 0  2 , 2 4 7  x -
1 .  0 x 
E s te l l ine 6 2 4  4 6 3  x 
• 8 
Faith 5 7 6  3 6 5 x -
1 .  8 x 
Faulkton 9 5 5  1 , 4 3 6 x 
2 1 .  l x -
Garretson 8 4 7  4 1 9  x -
. 4 x 
Hoven 6 7 1  7 1 1  x -
1 . 2  x 
Kadoka 8 1 5  1 , 8 0 7  x 
1 9 . 7  x -
Kimbal 8 2 5  2 , 2 9 9  x -
1 . 3 x 
Lake Andes 9 4 8  1 , 6 2 6  x -
2 . 8  x 
Lake P res ton 8 1 2  2 3 1 x -
6 0 . 9 x 
Leo la 7 8 7  2 , 2 6 4  x -
3 9 . 9  x 
McCook 8 6 0  7 8 7  x -
1 . 1  x 
Mci ntos h  5 6 3  9 7 1  x 
4 5 . 5 x -
McLaugh l in 8 6 3  5 6 1  x -
3 . 1  x 
6 9  
Census TDS C l as s i f i cat ion 
Location 1 9 7 0  (ppm)  SAR No Inc . S ev . 
Mar ion 8 4 4  1 , 0 5 5  x -
4 . 0 x 
Mi ss ion 7 3 9  2 , 2 1 3 x -
1 . 4  x 
Murdo 8 6 5  7 0 9  x -
2 . 9  x 
Newe l l  6 6 4  7 5 5 x 
4 8 . 8  x -
Onida 7 8 5  2 , 0 1 3 x -
1 0 . 9  x 
Phi l ip 9 8 3  9 9 8 x -
8 . 9  x 
Plankin ton 6 1 3 1 , 8 1 9 x 
1 8 . l  x -
Pre sho 9 2 2 1 , 5 7 8  x -
4 . 8  x 
S cotland 9 8 4  1 , 9 1 3 x -
1 . 1  x 
S elby 9 5 7  6 6 3  x -
1 . 4  x 
Timber Lake 6 2 5  4 7 4 x 
3 . 0  x 
Tripp 8 5 1  1 , 3 9 1  x -
2 . 2 x 
Val ley 
5 4 8 x S prings 5 6 6  -
. 7 x 
Viborg 6 6 2  1 , 6 8 1 x -
. 7  x 
Volga 9 8 2 6 0 0  x -
. 3 x 
7 0  
Cen sus  TDS C l a s s i f ic at ion 
Location 1 9 7 0  ( ppm) SAR No Inc . S ev . 
Wal l  7 8 6 7 0 4  x 
4 8 . 2  x -
Wh ite River 6 1 7  2 7 2 x -
1 . 0  x 
Whitewood 6 8 9  2 9 8  x -
0 . 1 x 
Wi lmot 5 7 8  1 , 8 3 3  x 
4 . 6  x 
Woonsoc ke t  8 5 2  1 , 3 3 9  x 
3 3 . 9  x -
Comb ined Clas s i ficat ion 7 2 1  1 9  
Total s S al inity Clas s i f ication 7 3 0  1 0  
Permeab i l ity C l a s s i f ica-
ti on 32  2 1 3  
0 to 5 0 0  Popul ation 
Agar 1 5 6  1 , 9 5 7  x -
5 1 .  4 x 
Andover 1 3 8 1 , 4 4 4  x 
2 . 4  x 
Ashton 1 3 7 2 , 2 5 7  x 
1 3 . 3  
-x 
Baltic  3 6 4 1 , 0 7 5  x 
0 . 2  x 
B is on 4 0 6  8 1 6  x 
5 7 . 1  x -
Bone s te e l  3 5 4  4 3 7  x -
1 . 1  x 
B rentford 9 4  2 , 2 2 0  x -
4 0 . 8  x 
7 1  
Census TDS C l as s i f i c ation 
Location 1 9 7 0  (J2J2m ) SAR No I n c . S ev .  
Buf falo 3 9 3 9 0 6  x 
5 5 . 4  x -
Canova 2 0 4  1 , 6 8 5  x 
3 . 9  x 
Cavour 1 3 4 1 , 5 9 1  x 
4 8 . 7  x -
Chancel l ar  2 2 0 3 , 1 2 7  x -
1 . 9  x 
Che s ter 1 7 7 9 4 5  x -
0 . 8  x 
Claremont 2 1 4 1 , 9 3 1 x -
2 8 . 2  x 
Colome 3 7 5  3 9 1  x -
0 . 7 x 
Conde 2 7 9 2 , 3 8 4  x -
5 7 . 0  x 
Corson 5 0  4 1 8  x -
0 . 5 x 
Cresb ard 3 0 0  2 , 1 7 0  x -
2 9 . 4  x 
Crooks 2 0 2  2 , 7 1 2  x -
0 . 6 x 
Delmont 2 6 0  1 , 5 6 0 x 
2 8 . 7  x 
Dol and 4 3 0  2 , 5 2 2  x -
5 4 . 7  x 
Draper 2 0 0  2 , 0 2 3  x -
6 1 . 5  x 
E gan 2 8 1 6 4 1  x -
0 . 4 x 
Eme ry 4 5 2 2 , 9 1 3  x -
0 . 2 x 
-
7 2 
Cen s us TDS C l a s s i fi cation 
Location 1 9 7 0  ( ppm)  SAR No Inc . S ev . 
E than 3 0 9  2 , 1 0 0  x -
3 . 0 x 
Fair f ax 1 9 9 5 7 2  x 
0 . 7  x 
Frank fort 1 9 2 2 , 0 9 0  x -
2 5 . 6 x 
Frede rick  3 5 9 7 1 2 
3 . 7  x 
Gary 3 6 6  6 1 4  x -
0 . 2 x 
Gayvi l le 2 6 9 9 6 5 x 
0 . 8  x 
Geddes 3 0 8  1 , 9 7 8  x -
3 . 2  x 
Glenham 1 7 8 1 , 6 4 9  x 
1 4 . 8  x -
Harro l d  1 8 4  4 5 3  x -
1 . 5  x 
Hayt i 3 9 3 6 3 9  x 
0 . 4 x 
Hec l a  4 0 7  6 9 1  x 
2 . 5  x 
Hermo s a  1 5 0  2 5 6  x -
0 . 2 x 
H i l l  City 3 8 9  2 3 5  x -
0 . 5 x 
Hudson 3 6 6  5 1 8  x 
0 . 3 x 
Humboldt 4 1 1  1 , 3 4 2  x -
0 . 6  x 
Hurley 3 9 9 1 , 2 2 0  x 
0 . 5 x 
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Cens us TDS C l as s i f icat ion 
Location 1 9 7 0  ( ppm) SAR No Inc . S ev .  
In terior 8 1  9 7 8  x 
1 2 . 8  x -
I s ab e l  3 9  4 3 7 6  x 
4 .. 1 x 
Je f ferson 4 2 4  7 5 0  x 
1 . 2  x 
Kenneb ec 3 7 2  3 5 9  x 
1 . 2  x 
Lake Norden 3 9 3 1 , 1 0 3  x 
0 . 7 x 
Langford 3 2 8  2 , 5 7 7  x 
5 5 . 0  
-x 
Les tervi l l e  1 8 1  1 , 1 4 3  x 
1 . 0  x 
Letcher 2 0 1  2 , 1 3 6  x -
2 . 5  x 
Me l lette 1 9 9 1 , 9 8 5 x -
6 1 . 8  x 
Midland 2 7 0  1 , 5 0 8  x 
0 . 6  x 
Mon tro s e  3 7 7  1 , 3 9 0  x -
0 . 7 x 
Morri s tow n  1 4 4  1 , 0 3 2  x 
7 4 . 7  x -
Mound C i ty 1 6 4  2 , 4 8 3  x 
3 . 7  x 
Mt . Vernon 3 9 8 1 , 7 2 4  x 
1 6 . 8  x -
New 
Unde rwood 4 1 6  8 5 2  x 
1 0 . 6  x -
Oacoma 2 1 5 2 , 0 9 4 x -
1 . 5  x 
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Census  TDS C l as s i f i c at i on 
Location 19 7 0  ( ppm) SAR No Inc . Sev . 
Oldham 2 4 4  2 , 5 0 2  x -
5 5 . 7  x 
Orie n t  1 3 1 1 , 8 0 1  x 
2 8 . 2  x -
Peever 2 0 2  1 , 8 8 8  x 
9 . 7 x -
P icks town 3 5 0  5 0 5  x 
2 . 0  x 
P ierpoint 2 4 1  1 , 2 8 5  x 
3 . 4  x 
Pol lock 3 4 1  1 , 3 3 2  x 
8 . 6  x 
Raymond 1 1 4  2 , 4 1 0  x -
6 3 . 7  x 
Rel iance 2 0 7  2 , 0 9 7 x -
1 . 6  x 
Revi l lo 1 4 2 9 9  7 x 
1 . 1 x 
Ros coe 3 9 8 2 , 3 3 2  x -
5 4 . 4  x 
S t .  France s 3 0 0  2 9 1 x -
0 . 2 x 
S t . Law rence 2 4 9  1 , 5 5 6  x 
1 0 . 3  x -
S t . Onge 9 0  4 7 1  x -
0 . 2 x 
S ummi t  3 3 2  4 9 7 x 
0 . 4 x 
Tab or 3 8 8  1 , 5 4 9  x 
6 . 5  x 
Tea 3 0 2  2 , 1 4 0  x -
1 . 7  x 
Location 
Tols toy 
Toronto 
Trent 
Tul are 
Val e  
Veb l en 
Vol in 
Wakonda 
Wes s ington 
White Lake 
Worthing 
Yale 
Totals  
Cen s us TDS C l as s if i cation 
19  7 0  ( ppm ) SAR No Inc . S ev .  
9 2  1 , 0 8 3  
0 . 5 x 
2 1 6 5 7 4  
0 . 2  x 
1 7 7  3 9 7 x 
0 . 3  
-
x 
2 1 1 2 , 1 8 6 
1 2 . 5  
13 8 5 3 2  
1 8 . 4 
3 7 7  1 , 7 6 4  
3 . 2  x 
1 5 7 2 , 2 5 8  
1 . 5  x 
2 9 0  1 , 5 7 8 
0 . 9 x 
3 8 0  2 , 2 0 5  
5 . 3  x 
3 9 5  2 , 2 4 9  
2 . 2 x 
2 9 4 4 0 0  x 
2 . 5  x 
1 4 8 2 , 1 4 8  
4 1 . 0  
Comb ined C l a s s ifi cat ion 1 2  
S a l in i ty Clas s i fi cation 1 2  
Pe rme abi l ity Clas s i f ica-
ti on 5 2  
x 
x 
x -
x 
x 
x -
x 
x 
x 
x 
x 
x 
x 
2 9  4 2  
4 2  2 9  
2 2 9 
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1 - ( TDS ) 
2 - ( SAR) 
3 - (No ) 
4 - ( Inc . )  
5 - ( S ev . )  
6 - ( x ) 
7 - ( x ) 
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Total  D i s s o lved S o l ids 
S odium Ab sorpt ion Rat io 
No Prob lem 
Increas ing P rob lem 
S evere Prob lem 
Individual C l as s i f icat ion for S a l in i ty 
H a z ard ( TDS ) or  Permeabil i ty P robl em ( SAR ) .  
Comb ined Clas s i f i cation based on b oth TDS and 
SAR.  Also  indi cates clas s i fication for  
spe c i fi c  parameter . 
